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Seed treatment with mineral nutrients in spring oilseed rape (SOR) under cold climatic conditions has the potential
to improve the outcome of production. The objectives of this study were to investigate the effects of mineral nutri-
ents applied as seed treatment on germination and growth of roots and biomass in SOR. In addition, seed yield and
oil content were also measured. Seed vigour tests and in-field experiments were performed in Central Sweden in
2016 and 2017. Seven products with different composition of mineral nutrients were applied to the seed in a com-
bination with binder, filler and fungicide (BFF), or applied directly onto the seed. The results showed that a treat-
ment with mineral nutrients increased the plant size at stage BBCH 60 (early flowering stage) when the products
were applied in combination with BFF in the field experiments. However, the increased plant size did not influence
seed yield. Furthermore, when seeds were treated only with a nutrient product the addition of BFF decreased plant
size by 10% on average and seed and crude fat yields by 4% on average. The use of BFF may thereby be questioned
and is subject to further investigation.
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Introduction

The flowering rapeseed fields represent an important cornerstone of Nordic crop production. Production of rape-
seed oil and rapeseed meal provides valuable food and feed with a balanced nutritional composition, and increased
use of rapeseed as an energy source is an important step towards a sustainable bioeconomy. Spring oilseed rape
(SOR) (Brassica napus L.) is a profitable branch of production, however, with sharply decreased acreage in Sweden
as a result of major insect problems. Cultivation of SOR is often associated with high pressure from insect pests.
Flea beetles (Psylliodes spp), blossom beetles (Brassiogethes aeneus), and diamondback moths (Plutella xylostella),
threaten crops and thus an extensive use of insecticides is needed (Williams 2010, Ekbom 2010). To reach an en-
vironmentally sustainable SOR production, alternative measures need to be considered. It is confirmed that the
concentration of mineral nutrients in the seed influences germination and early growth, e.g. manganese and
zinc in wheat, phosphorus in narrow-leafed lupin, phosphorus and molybdenum in common bean and boron in
red clover seed (Marcar and Graham 1986, Rengel and Grayham 1995, Thomson et al. 2008, Sanches Pacheco
et al. 2012, Stoltz and Wallenhammar 2014). Previous investigations showed enhanced germination and growth
in a number of other crops e.g. oats, wheat, black seed, maize, by seed treatments with nutrients such as iron,
boron, zinc, manganese, phosphorus, sodium, copper, and cobalt (Peltonen-Sainio et al. 2006, Mirshekari 2010,
Farooq et al. 2012, Imran et al. 2013, Seyvedi et al. 2015). Thus, the treatment of seeds with mineral nutrients may
be a new and innovative method to improve emergence and growth of SOR, hence reducing damage from flea
beetles. Seeding early at low soil temperatures (<10 °C), when the flea beetles are inactive, is practised by
Swedish farmers to reduce the damage. When the soil temperature is low, plant nutrients may not be readily avail-
able for the germinating seedlings. The plant availability varies for different nutrients, i.e. at low temperatures
(< 10 °C) the plant uptake of P and K is reduced while the uptake of Ca and Mg are not as significantly affected
(Miyasaka and Grunes 1990, Engels and Marschner 1992).

A major part of the investigations on seed treatments with mineral nutrients has been performed by soaking
the seeds in solutions for several hours (Ullah et al. 2002, Mirshekari 2010, Farooq et al. 2012, Imran et al. 2013,
Seyvedi et al. 2015). In practice, soaking of seeds is not appropriate for farmers who need more efficient meth-
ods for seed treatment.

When treating seeds with fungicides or pesticides, liquid binders and powdery fillers are commonly used as
a carrier of the active ingredient (Pedrini et al. 2017), and interestingly the effects of these products on germina-
tion and growth are not reported.

The objectives of this study were to investigate the effects on germination and root and biomass growth in SOR

by applying mineral nutrients as seed treatment. In addition, yields of crude fat and seed were measured.
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The hypotheses were: i) seed treatment with mineral nutrients will enhance germination and growth of SOR
at low temperatures i.e. <10 °C, and ii) The improvement of germination and growth with products containing
macro- and micro-nutrients will be higher than that with products containing solely micronutrients.

Materials and methods
Seed treatment

Seeds of SOR (cv. SW Majong) were treated with seven different products containing mineral nutrients: Omex
Canola: P, K, Zn, Mn + essential micronutrients (Omex Canada), NoroTec™ Raps: Mn, S, Mg, B, Mo, N, NoroTec™
WinterCrop Plus: P, Mg, S, Mn, Zn, N, NoroTec™ Zn: P, Mg, S, Mn, Zn, N (NoroTec™, Sweden), Yara F3493: P, K,
Zn, Mn, Yara F3501: P, K, Zn, Yara 3516: P, Mn, Zn, Cu (Yara, Sweden). The dose applied was 6 mg kg seed for all
products. The products were applied to the seed mixed with a binder 4 g kg of seed (Sepiret 386 Blue, BASF),
a filler 5 g kg? seed (talc, Sepiret PF16 White, BASF) and a fungicide 5.8 g kg™ seed (Rovral 500 A, iprodione)
(+ BFF) (Bayer Crop Science) in 2016 and 2017. In 2017, seeds were also treated with nutrient solutions without
adding BFF (— BFF), thus, the nutrient products were sprayed directly onto the seeds and the number of treatments
was duplicated. There were also controls without nutrient application. In 2016, the control was treated with BFF
(control + BFF), and, in 2017, there was one control treated with BFF (control + BFF) and one control treated solely
with water (6 ml kg seed) (water — BFF). The seed treatments were performed in an industrial batch seed treater
(Satec Concept® ML2000, Agritema, Kiev, Ukraine) at the Rural Economy and Agricultural Society, Department of
Seed Technology, Bjarred, Sweden. Each seed treatment was performed in four replicates.

Seeds with and without application of BFF were analysed for mineral nutrients in 2016 (N, P, K, Ca, Mg, Na, S, Cu,
Zn, B, Mn, Fe and Al) at Eurofins Agro Testing, Kristianstad, Sweden. Seeds treated with mineral nutrients, without
BFF, were analysed for mineral nutrients in 2017, as described above. The BFF products used in this investigation
were analysed for Cu, Fe and Al (Eurofins Food & Agro Testing Sweden AB, Lidképing, Sweden).

Seed vigour test

Seed vigour tests were performed in dishes (18 cm &J) with moist sand (1 part sand:0.075 part water V:V). Fifty
seeds were evenly distributed on a thin layer (125 g) of sand in each dish, thereafter the seeds were covered with
an additional 500 g of moist sand and pressed with the bottom of a similar dish. The dishes were covered with a
transparent glass cover (22 cm ). The dishes were kept in a dark climate chamber at a temperature of +6 °C for
10 days, thereafter in +20 °C and light (24 hours photoperiod) until emergence. The numbers of emerged seed-
lings were counted at regular intervals. The seed vigour were tested in four replicates at the Seed Testing Station,
Frokontrollen AB, Orebro, Sweden.

Field experiments

Two field experiments were established yearly in 2016 and 2017, with the treatments described above. The
experiments were set up according to a randomised block design with four replicates for each treatment. Loca-
tion, dates of seeding and harvest, N-application (Yara Mila 21-4-7, Yara), precipitation and soil characteristics are
shown in Table 1. Soil temperature the first 1.5 months after seeding is shown in Figure 1.

To investigate the effect of the seed treatments the following measures were performed: (a) the number of plants
in 2 m x 5 seeding rows per plots were determined at emergence and at 3, 7 and 21 days post-emergence (dpi); (b)
crop stand was photographed in 2016 at BBCH 14-15 (Weber and Bleiholder 1990) to determine the development
of crop stand cover; (c) manganese status of the plants were measured with a manganese scanner (NN-Easy55,
NutriNostica, Frederiksberg C, Denmark) at BBCH 60; (d) biomass was determined by measurements with Yara’s
N sensor at BBCH 60; (e) shoots and tap roots of 10 plants per plot were weighed; at BBCH 13 and at BBCH 60 in
2016; and at BBCH 60 in 2017; (f) yield, oil content and thousand seed weight (tsw) were determined at harvest;
(g) soil temperature at seeding depth was followed by loggers (TinyTag, Intab, Stenkullen, Sweden).

The crop development was followed with digital scouting cameras (Scout Guard 550M-12, HD) on each field
experiment location.
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Table 1. Location of field experiments, N-application, dates of seeding and harvest, precipitation (from seeding to harvest), soil
temperature at seeding, soil organic matter (OM), clay content and pH in soil

i Dates ipitati i
Location Longltude N 3 Precipitation Soil t(imp. OM (%) Clay (%) pH
Year Latitude  (kgha’) seeding  Harvest (mm) ()
Odesberga, N 59.46
Arboga E15.83 120 8 May 21 Sept 193 16.5 6.0 40 6.9
2016 Krackli N 59.18
racklinge, .
Srebro £14.98 120 4 Apr 22 Sept 335 11.9 3.9 29 6.4
Odesberga, N 59.45
Arboga E 1579 120 11 Apr 27 Sept 230 4.1 4.1 35 6.2
2on Abyh N 59.48
yhammar, 59.
Fellingsbro E15.55 120 8 May 26 Sept 207 7.3 4.6 32 6.3
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Fig. 1. Soil temperature at 2 cm depth at the four field experiment sites

Statistical analyses

Statistical analyses were performed using JMP 9.0 (SAS Institute 2010). A mixed linear model, adjusted with main
effects and interaction as fixed factors and ‘block (site)’, as a random factor, was used. When the F-value was sig-
nificant, for the main effects and interactions of the fixed factors, pairwise comparisons with Student’s t-test were
performed to identify significant differences (p<0.05) among the means. Contrast analyses between controls and
the average of treatments were also performed. Results from the field experimental site in Orebro 2016 were not
used due to the extensive occurrence of weeds. Plant sampling at the Arboga experimental site in 2017 was not
performed due to major frost damage and a reduced crop stand; however, the field experiment was harvested.

Since the treatments varied between the two years, i.e. in 2016 BFF was applied to all treatments while in 2017
there were also treatments without BFF, statistical analyses were performed on the results from the treatments
+ BFF in the two field experiments; Arboga 2016 and Fellingsbro 2017. Furthermore, statistical analyses on yields
of seed and crude fat of the two experiments in 2017 were performed with all treatments included.

Results
Seed mineral concentrations

The mineral concentrations of seeds with and without application of BFF in 2016 are shown in Table 2. Seeds with
BFF showed higher concentrations of Cu, Fe and Al, principally originated from the binder and filler (Table 3); while
the fungicide, Rovral 500 A, had relatively low concentrations of the elements.
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Table 2. Concentration of mineral nutrients in seeds with (+)
and without (—) treatment with binder (B), filler (F) and Rovral

(R),n=3

Nutrient + BFF — BFF p-value

N 3.4 3.5 ns

P 0.77 0.86 ns

K - 0.69 0.73 ns
>

Ca o 0.48 0.51 ns
§

Mg 0.29 0.32 ns

Na 0.015 0.015 -

S 0.40 0.44 ns

Cu 61.7 a 39b 0.01

Z = 32.7 36.7 ns

A

B o 11.9 13.0 ns
2

Mn o0 35.7 36.7 ns
£

Fe = 90.7 a 53.0b 0.041

Al 573.3a 15.0b <0.001

Table 3. Amount of Al, Fe and Cu in binder, filler and Rovral
applied to 1 kg of seeds, n=1

Al Fe Cu
Product (mg kg seeds)
Binder 13.2 0.88 64
Filler 55 6 0.0013
Rovral 0 0.0696 0.0019

In 2017, the results of the analyses were consistent with the mineral nutrient content in the various seed treat-
ment products (Table 4). There were no differences for Na (0.015% of DM) and Al (15 mg kg™ DM) between the
treatments (not shown).

Table 4. Concentrations of mineral nutrients in seeds of spring oilseed rape treated with various seed treatment products without
the application of binder, filler and Rovral (— BFF), that were used in vigour tests and field experiments 2017, n=1

Treatment N P K Ca Mg S Cu Zn B Mn Fe Mo
(% of DM) (mgkg?)

Control (water) — BFF 4.2 0.83 0.83 0.47 0.34 0.54 3.0 46 11 40 51 0.6

Omex Canola — BFF 4.2 0.88 0.86 0.48 0.34 0.55 3.5 660 12 40 50 0.5

NoroTec raps — BFF 4.2 0.81 0.86 0.48 0.36 0.57 3.0 47 36 340 52 20.0

NoroTec Winter

4.2 0.86 0.82 0.44 0.33 0.54 3.0 93 10 190 48 0.7
Crop plus — BFF

NoroTec Zn — BFF 4.2 0.82 0.88 0.48 0.35 0.56 3.2 1200 11 43 51 0.6
Yara F3493 — BFF 4.2 0.87 0.96 0.49 0.36 0.60 3.0 48 12 610 53 0.5
Yara F3501 — BFF 4.2 0.86 0.92 0.50 0.35 0.59 3.0 810 12 41 52 0.5
Yara F3516 — BFF 4.2 0.88 0.85 0.49 0.34 0.60 70 200 11 340 52 0.5

Seed vigour test

The treatment with NoroTec™ WinterCrop plus + BFF showed the highest emergence rate on April 12, but not sig-
nificantly higher than the control treatments with solely BFF, Omex Canola + BFF in 2016 (Table 5). The following
days, April 13—14, there were fewer differences as only two treatments showed a lower emergence rate on April
14, i.e., NoroTec™ Raps + BFF and NoroTec™ Zn + BFF.
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Table 5. Average emergence of spring oilseed rape (cv. Majong) in a seed vigour test at various times. Seeds
were treated with mineral nutrient products applied with (+) and without (-) binder, filler and Rovral (BFF),

in 2016, n=4.
Treatment 12 April 16.00 13 April 8.00 13 April 16.00 14 April 8.00
(%)
Untreated control — BFF 5 bc 68 a 82a 93a
Control + BFF 6 ab 68 a 79 ab 92 ab
Omex Canola + BFF 9ab 70 a 77 abc 90 abc
NoroTec Raps + BFF 2cd 46 ¢ 68 de 86 ¢
NoroTec WinterCrop plus + BFF 10a 71a 83a 95a
NoroTec Zn + BFF 0.5d 48 c 6le 88 bc
Yara F3493 + BFF 2cd 52 bc 70 cd 93a
Yara F3501 + BFF 0.5d 57 abc 74 bed 91 ab
Yara F3516 + BFF 2cd 65 ab 79 ab 91ab
p <0.001 0.002 <0.001 0.015
cv 68.31 15.5 7.4 34

Different letters indicate statistically significant differences within a column, p<0.050, Student’s t-test

In 2017, the treatment with water — BFF showed the significantly highest emergence rate at the first reading in
the morning of April 4 (Table 6). In the afternoon the emergence of Omex Canola + BFF showed similar emergence
as the treatment with water — BFF. The following day, April 5, the emergence of the treatment with water — BFF
was not significantly different from the untreated control — BFF, Omex Canola + BFF, NoroTec™ Winter Crop plus
— BFF and NoroTec™ Zn — BFF. On April 6 there were no significant differences between any of the treatments.

Table 6. Average emergence of spring oilseed rape (cv. Majong) in a seed vigour test at various times. Seeds
were treated with mineral nutrient products and with (+) and without (=) the application of binder, filler and
Rovral (BFF), in 2017, n=4.

Treatment 4 April 8.30 4 April 16.00 5 April 8.30 6 April 8.00 7 April 8.00
(%)
Untreated control — BFF 0.5¢ 18 be 73 abc 88 89
Water — BFF 6.0a 26a 8la 90 92
Control + BFF 1.0c 12 cd 69 bed 89 91
Omex Canola — BFF 0.01c 4.1 def 61 cdef 83 87
Omex Canola + BFF 35b 23ab 78 ab 89 91
NoroTec Raps - BFF 1.0c 6.5 def 59 def 84 91
NoroTec Raps + BFF 0.5¢ 3f 52 efgh 82 85
NoroTec WinterCrop plus — BFF 1.0c 11 cde 73 abc 93 97
NoroTec WinterCrop plus + BFF 0.6¢ 7.9 def 59 defg 81 87
NoroTec Zn — BFF 1.5 bc 11 cde 70 abcd 89 94
NoroTec Zn + BFF 0.01c 4.1 def 63 cde 89 91
Yara F3493 — BFF 15b 10 def 60 def 87 93
Yara F3493 + BFF 0.01c 4.5 def 42 hi 81 92
Yara F3501 — BFF 1.5bc 6 def 48 ghi 83 90
Yara F3501 + BFF 1.5bc 4 ef 50 fgh 85 91
Yara F3516 — BFF 1.5 bc 8 def 50 fgh 81 89
Yara F3516 + BFF 1.0c 4.5 def 39i 77 88
p <0.001 <0.001 <0.001 ns ns
cv 106.4 53.2 13.4 9.9 7.3

Different letters indicate statistically significant differences within a column, p<0.050, Student’s t-test
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Field experiments

Plant size
Effect of mineral nutrition in + BRF treatments

Average biomass of plant parts (shoots and roots), root length at BBCH 60 and yields of seed and crude fat in
the various seed treatments with BFF in the field experiments, located at Arboga 2016 and Fellingsbro 2017, are
shown in Table 7. All treatments with mineral nutrients showed higher dry matter (DM) biomass than the control
+ BFF; however, the difference was not always significant. The highest root biomass was found in the Yara 3501
+ BFF treatment, but was not significantly higher than Yara 3493 + BFF, NoroTec™ Raps + BFF and NoroTec™ Zn +
BFF treatments. For shoots, all treatments with mineral nutrients except NoroTec™ Winter Crop plus + BFF and
NoroTec™ Zn + BFF showed significantly higher yield than the control + BFF. There were no significant differences
in root length and yields of seed and crude fat (Table 7) between treatments.

No interactions between nutrient products and location (not shown) were found and there were no significant
differences in plant size in the samples collected at BBCH 13 in 2016 (not shown).

The effect of binder, filler and fungicide on plant size

The average biomass of 10 plants collected at BBCH 60 in all mineral nutrient treatments + BFF was significantly
lower (39.4 g DW) compared with the treatments — BFF (43.6 g DM) (not shown) in the field experiment at
Fellingsbro 2017. There were no significant differences between the mineral nutrient treatments and no signifi-
cant interactions between BFF and mineral nutrient treatment (not shown). There were no significant differences
found in root biomass between all treatments.

Emergence, manganese status, N-sensor measurement and soil cover

There was no difference in time of emergence, manganese status, biomassin 2016 by photography at BBCH 14-15
and N-sensor measurements at BBCH 60, between the seed treatments at any of the field sites (not shown).

Table 7. Average biomass (BM) at BBCH 60 of roots and shoots, root length, yield of seed and crude fat in spring
oilseed rape. The seeds were treated with various mineral nutrient products with (+) the application of binder, filler
and Rovral (BFF) in two field experiments; Arboga 2016 and Fellingsbro 2017.

Root Seed yield

Main effects R(C;OI;VBV';A ST;%t\E)M length 9% WC C(Llédﬁaff)t
(cm) (kg ha™)
Nutrient product
Control + BFF 55d 29c 83 2164 1025
Omex Canola + BFF 6.4 bed 34 ab 8.0 2089 987
NoroTec Raps + BFF 6.6 abc 34 ab 8.6 1998 947
NoroTec Winter Crop plus + BFF 57cd 31 bc 8.3 2155 1013
NoroTec Zn + BFF 6.4 abcd 32 abc 8.6 2014 960
Yara F3493 + BFF 6.7 ab 35a 8.7 2111 994
Yara F3501 + BFF 7.4a 36a 9.0 1988 941
Yara F3516 + BFF 6.4 bed 36a 8.2 2153 1011
p 0.010 0.035 ns ns ns
Location
Arboga 2016 6.3 27b 8.8a 1986 946
Fellingsbro 2017 6.5 39a 8.1b 2182 1023
p ns 0.018 0.020 ns ns
cv 14.4 13.2 8.6 10.3 9.5

Different letters indicate statistically significant differences within a column for a main effect, p<0.050, Student’s t-test. No
significant interactions for nutrient product x location were found (not shown). WC = water content
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The effect of binder, filler and Rovral on yield

In the 2017 experiments, the addition of BFF in the seed treatments reduced the yield of seed and crude fat by 4%
on average (Table 8). There was a significant interaction between seed treatment and nutrient product with signif-
icant differences in the treatments without BFF while there were no differences when BFF was applied. Control —
BFF, NoroTec™ Winter Crop plus — BFF, Yara F3493 — BBF, Yara F3501 — BFF and NoroTec™ Zn — BFF had significantly
higher yields of seed and crude fat than Omex Canola — BFF, NoroTec™ Raps — BFF and Yara F3516 — BFF (Table 8).

Table 8. Average yield of seed and crude fat in two field experiments 2017 with different seed treatment
with (+) and without (=) binder, filler and the fungicide Rovral (BFF)

Main effect and interactions Seed(\l/(igeI:a?l‘;A we Cru(dkegfl‘?etr}/)ield
Location
Arboga, n=53 2124 942
Fellingsbro, n=64 2205 1034
p ns ns
Seed treatment
+ BFF 2125b 968 b
— BFF 2204 a 1007 a
p 0.008 0.010
Nutrient product
Control 2196 1000
Omex Canola 2104 963
NoroTec Raps 2118 964
NoroTec Winter Crop plus 2229 1015
NoroTec Zn 2137 982
Yara F3493 2239 1019
Yara F3501 2183 993
Yara F3516 2111 963
p ns ns
Seed treatment x nutrient product
+ BFF
Control + BFF 2138 bede 976 cde
Omex Canola + BFF 2057 de 940 de
NoroTec Raps + BFF 2111 bede 964 cde
NoroTec Winter Crop plus + BFF 2119 bede 966 cde
NoroTec Zn + BFF 2083 cde 959 cde
Yara F3493 + BFF 2140 bcde 969 cde
Yara F3501 + BFF 2144 bede 968 cde
Yara F3516 + BFF 2205 abcd 1006 abcd
- BFF
Control — BFF 2254 ab 1023 abc
Omex Canola — BFF 2151 bede 986 bcde
NoroTec Raps — BFF 2124 bede 965 cde
NoroTec Winter Crop plus — BFF 2340 a 1065 ab
NoroTec Zn — BFF 2191 abcd 1006 abcd
Yara F3493 — BFF 2337 a 1070 a
Yara F3501 — BFF 2222 abc 1017 abcd
Yara F3516 — BFF 2016 e 920 e
p 0.031 0.049
cv 7.2 7.7

Different letters indicate statistically significant differences within a column for a main effect or interaction,
p<0.050, Student’s t-test. There were no other significant interactions found between the main effects (not
shown). WC = water content
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Treatments with NoroTec™ + BFF Winter Crop plus + BFF and Yara F3493 + BFF, reduced yield of seed and crude
fat by about 10% compared with the same nutrient treatments without BFF (Table 8). There were no significant
differences between the main effect; nutrient products and location, and there were no interactions between;
location x seed treatment and location x nutrient product.

Discussion

An increased growth was found at BBCH 60 (early flowering stage) in two of the field experiments when mineral
nutrients were applied to seeds mixed with BFF, (Table 7), which was partly in accordance with hypothesis 1, i.e.
that seed treatment with mineral nutrients will enhance germination and growth in SOR at low soil temperatures
(<10 °C). Thus, these results confirm that an extremely small amount of mineral nutrient products applied to the
seed has a positive effect on plant growth in a crop with high compensatory abilities as oil seed rape (Tatchell
1983, Angadi et al. 2003). However, the increased growth was not reflected in the seed yield and might just have
been temporary.

The soil temperature at seeding the field experiments in 2016, was slightly higher than intended, 12-17 °C, due
to climatic and practical conditions; however, by mid-May the soil temperature decreased to 6-7 °C (Fig. 1).
In 2017, the soil temperature was lower at seeding, 4—7 °C (Fig. 1). Thus, there were periods with cold con-
ditions during early growth stages at all experimental sites. Despite the fact that the plants were larger at
BBCH 60 in the treatments with mineral nutrients and addition of BFF, there was no increase in yield of seed
and crude fat (Table 7). The dry conditions that prevailed at the field experiment sites at Arboga 2016 and
Fellingsbro 2017 (Table 1) might have been a disadvantage for plants with higher shoot biomass compared
with relatively smaller plants consuming less water (Andersen et al. 1996). Larger plants probably have bet-
ter resistance against high insect pressure than smaller plants, but since the presence of insects was general-
ly low during both experimental years this effect was not seen. In the treatments with nutrient applications
— BFF, at Fellingsbro 2017, there was no increase in plant growth at BBCH 60, as opposed to hypothesis 1. Since
the analyses confirmed that the nutrients adhered to the seeds without BFF, the application method was not the
issue (Table 4).

Application of mineral nutrients did not have a great impact on plant emergence, as opposed to hypothesis 1.
There was a slight positive effect in the vigour test 2016, where NoroTec™ Winter Crop plus + BFF showed a higher
rate of emergence compared with the untreated control — BFF; however, the difference was only found at the
first reading (Table 5). Treatments with NoroTec™ Raps + BFF and NoroTec™ Zn + BFF showed a slightly lower
emergence rate than the other treatments in 2016. The vigour test in 2017 showed that only treatment with
water — BFF improved emergence; however, within a few days there were no differences between the treatments.
The differences in the vigour test were not reflected in the field experiments since no differences in emergence
rate were found, neither was biomass production in early growth (BBCH 13) or manganese status affected (not
shown). There are no standardised seed vigour tests that are suitable for all types of crops. The seed vigour tests
can principally be used to investigate how seed quality, i.e. germination and emergence, is affected by a certain
treatment and does not often reflect the growth under field conditions (Gupta 1993, Usha and Dadlani 2015).

The addition of BFF had a negative effect on yield of seed and crude fat. In the field experiments, yield of seed and
crude fat decreased by 4% on average compared with the mineral nutrient products without BFF. For three of the
products, NoroTec™ + BFF Winter Crop plus + BFF and Yara F3493 + BFF, the decrease by + BFF was 10% (Table 8).
The negative effects may be caused by the elevated concentrations of Fe and Al found in the binder and filler
(Table 2). These elements may be toxic in high concentrations and they are also prone to form chemical complex-
es with other mineral elements that affect the germinating seed depending on which elements that are prevail-
ing (Marschner 1995a,b, Schnoor 1996). Numerous Swedish farmers use seeds without application of BFF with
success (Stoltz and Wallenhammar 2018), thus the application of BFF may thereby be questioned. The effects and
needs of BFF application require further investigation. The economy of the farmer will be negatively affected by
buying more expensive seed that is treated with BFF without obvious benefits; instead, the yield is reduced by 4%.

Scientific reports on the effect of binder and fillers on emergence and plant growth is limited. Often the binder and
fillers are applied by private seed companies, and the technology is owned by them and not available outside the
company. Independent researchers are often interested in the active ingredients in the products for seed treat-
ments and do not include binder and filler in their investigations (Ullah et al. 2002, Mirshekari 2010, Farooq et al.
2012, Imran et al. 2013, Seyvedi et al. 2015, Pedrini et al. 2017). Seed companies are, in general, more interested

152



AGRICULTURAL AND FOOD SCIENCE

E. Stoltz & A.-C. Wallenhammar (2019) 28: 145-154

in the seed management and their investigations are primarily focused on flowability, adherence, dust-off and ap-
pearance, and collaborations between seed companies and independent researchers are rare (Pedrini et al. 2017).

The effect of the different nutritional products varied between the experimental sites and vigour tests. NoroTec™
Zn, the only product without macronutrients except sulphur, showed similar effect as the other products as op-
posed to hypothesis 2, i.e. that products with both macro- and micronutrients will enhance emergence and growth
more than products with only micronutrients. Therefore, it is not possible to distinguish a specific product or
element that stimulates seed emergence and growth. Some nutrients can inhibit emergence and growth. In a
previous study where seeds of Ethiopian cabbage (Brassica carianata L.) were soaked in different solutions, the
emergence and early growth was improved when the seeds were soaked in water, manganese sulphate and zinc
sulphate, but was reduced in iron sulphate (Ullah et al. 2002).

Another factor that is likely to affect the outcome is the pH of the nutritional products. For the products includ-
ed in this study pH was very low and ranged from 1.5 to 3.0, which could affect the seed and chemistry of the
surrounding soil. Low pH can increase the availability of mineral nutrients such as manganese, zinc and copper
(Schnoor 1996).

In conclusion, the results in this study showed that seed treatment with mineral nutrients may increase the plant
size of SOR when the products are applied in combination with BFF, thereby contributing to more vigorous plants
than without treatment. The increased growth might have increased seed yield during years with a high insect
pressure, however it was not found here. There were no clear tendencies that one product was better than others,
and thus the reason for the improved growth was not revealed. The use of BFF can be questioned; farmers often
successfully use their own seed without any treatment and we found a decrease in seed and crude fat yields by,
an average of 4% when BFF was applied to the seed. An improved collaboration between independent research-
ers and private seed companies could increase the conditions to develop binders and fillers that do not have a
negative impact on growth and yield.
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